We present the quantitative rest-frame B morphological evolution and galaxy merger fractions at 0.2 < z < 1.2 as observed by the All-wavelength Extended Groth Strip International Survey (AEGIS). We use the Gini coefficent and M 20 to identify major mergers and classify galaxy morphology for a volume-limited sample of 3009 galaxies brighter than 0.4L * B , assuming pure luminosity evolution of 1.3 M B per unit redshift. We find that the merger fraction remains roughly constant at 10 ± 2% for 0.2 < z < 1.2. The fraction of E/S0/Sa increases from 21 ± 3% at z ∼ 1.1 to 44 ± 9% at z ∼ 0.3, while the fraction of Sb-Ir decreases from 64 ± 6% at z ∼ 1.1 to 47 ± 9% at z ∼ 0.3. The majority of z < 1.2 Spitzer MIPS 24 µm sources with L(IR) > 10 11 L ⊙ are disk galaxies, and only ∼ 15% are classified as major merger candidates. Edge-on and dusty disk galaxies (Sb-Ir) are almost a third of the red sequence at z ∼ 1.1, while E/S0/Sa make up over 90% of the red sequence at z ∼ 0.3. Approximately 2% of our full sample are red mergers. We conclude (1) the merger rate does not evolve strongly between 0.2 < z < 1.2; (2) the decrease in the volume-averaged star-formation rate density since z ∼ 1 is a result of declining star-formation in disk galaxies rather than a disappearing population of major mergers; (3) the build-up of the red sequence at z < 1 can be explained by a doubling in the number of spheroidal galaxies since z ∼ 1.2.
1. INTRODUCTION Although the evidence for a cold dark-matter dominated universe in which structure grows hierarchically is overwhelming (e.g. Spergel et al. 2003 Spergel et al. , 2007 , the role of mergers in galaxy assembly and star-formation remains unclear. Simulations of major mergers (Mihos & Hernquist 1996; Cox et al. 2006) , and observations of local gas-rich mergers (e.g., the Antennae; Schweizer 1982) indicate that the merger process can trigger violent starbursts and transform disks into spheroids. The correlation between galaxy morphology and color (e.g., de Vaucouleurs 1961; Blanton et al. 2003) suggests that a galaxy's star-formation history is closely tied to its mor-liar' galaxies are necessarily major mergers (e.g. some are irregulars) and high-redshift disks are more likely to be mis-classified as peculiars due to surface-brightness effects and wavelength-dependent morphologies (Brinchmann et al. 1998; Marcum et al. 2001; Windhorst et al. 2002; Papovich et al. 2003; Kampczyk et al. 2007 ). Automated morphological analysis is a promising technique for identifying mergers that has developed in recent years (e.g. Abraham et al. 1996 , Lotz et al. 2004 , Scarlata et al. 2007a ). Most previous quantitative morphology studies aimed at finding merger candidates have used concentration and asymmetry measurements (e.g. Abraham et al. 1996; Conselice et al. 2003; Cassata et al. 2005; Menanteau et al. 2006) . However, asymmetry measures are less sensitive to merger remnants in late stages, and require high signal-to-noise images to overcome noisy background residuals. In this paper, we use the Gini coefficient (G) and the second-order moment of the brightest 20% of a galaxy's pixels (M 20 ) which has been shown to be more effective than concentration and asymmetry at identifying late-stage mergers and classifying galaxies (Lotz, Primack, & Madau 2004, hereafter LPM04) . The Gini coefficient and M 20 are also more robust at low signal-to-noise ratios (LPM04; Lotz et al. 2006) . Recent attempts to combine G, M 20 , C, and A using a principal component analysis also have yielded promising results (Scarlata et al. 2007a) .
The initial results of z ∼ 1 morphological studies revealed a population of visually disturbed, star-forming galaxies (Driver et al. 1995; Glazebrook et al. 1995; Abraham et. al 1996) . This discovery led to the claim that the increase in the volume-averaged star-formation rate density from z = 0 to z > 1 (e.g., Lilly et al. 1996; Madau et al. 1996; Hopkins 2004 ) was partially the result of a dramatic increase in the merger rate at higher redshift (Le Fèvre et al. 2000; Bridge et al. 2007) . Pair count studies also indicated strong evolution in the number of close pairs at 0 < z < 1 (Patton et. al. 2002; Le Fèvre et al. 2000 but see Carlberg et al. 2000 and Lin et al. 2004 ). However, these results suffered from cosmic variance and small-number statistics (typically tens of merger candidates in a sample of a few hundred).
With recent Spitzer Space Telescope infrared surveys and high-resolution Hubble Space Telescope (HST ) morphologies, the conclusion that high-redshift star formation is driven by mergers has been re-examined. Infrared luminous galaxies dominate the star-formation density at z ∼ 1 , but the trigger for their star-formation remains strongly debated. The majority of these galaxies at z ∼ 0.7 have been visually classified as spirals, not peculiars or mergers (Flores et al. 1999; Bell et al. 2005; Melbourne, Koo, & Le Floc'h 2005) . However, these galaxies have higher asymmetries than normal spirals (Shi et al. 2006; Bridge et al. 2007 ) and may be more likely to be found in interacting close pairs (Lin et al. 2007; Bridge et al. 2007) .
Another question the merger rate may address is the formation of red spheroidal galaxies. Recent studies have shown that the color distribution of galaxies out to z ∼ 1.2 is bi-modal, and that the number density of luminous red galaxies has increased by a factor of 2-4 since z ∼ 1 (Bell et al. 2004a; Faber et al. 2007; Brown et al. 2007 ), implying a large influx of red galaxies. The majority of red galaxies at z ≤ 0.7 are spheroiddominated systems (Blanton et al. 2003; Bell et al. 2004b; Weiner et al. 2005; Scarlata et al. 2007b) . Several mechanisms may be responsible for moving galaxies onto and along the red sequence, including merging of massive gas-rich galaxies, the "quenching" of disk galaxies via gas-stripping or AGN feedback, and the merging of red galaxies (Bell et al. 2004a; Faber et al. 2007) . A number of low redshift E/S0 show residual disturbances (e.g., van Dokkum 2005; Schweizer et al. 1990 ), suggesting that many have experienced mergers in previous Gyr. However, the amount of stellar mass in massive spheroids appears to have changed very little since z ∼ 1 (Bundy et al. 2005; Brinchmann & Ellis 2000) , although there is evidence that less massive early-types may have assembled more recently (Bundy et al. 2005; Treu et al. 2005; Papovich et al. 2006) .
In this paper, we apply a new method for identifying major merger candidates to the recent HST Survey of the Extended Groth Strip (EGS), which is part of the All-Wavelength Extended Groth strip International Survey (AEGIS) collaboration (Davis et al. 2007 ). We use the Gini coefficient G, which is a measure of the relative distribution of galaxy pixel flux values, and M 20 , the relative second-order moment of the brightest 20% of a galaxy's pixels, to classify galaxies as major mergers, E/S0/Sa, or Sb/Sc/Ir out to z ∼ 1.2. In our previous work, we have demonstrated that G and M 20 are robust morphological classifiers for galaxies as distant as z ∼ 4 (Lotz et al. 2006) , and are an effective way to find major merger candidates (LPM04). Using spectroscopic redshifts from the DEEP2 survey and photometric redshifts from the Canada-France-Hawaii Telescope Legacy Survey (CFHTLS), we construct a volume-limited sample of 3009 galaxies brighter than 0.4L * B at 0.2 < z < 1.2., assuming pure luminosity evolution of 1.3 M B per unit redshift (Faber et al. 2007 ). We identify 312 merger candidates brighter than 0.4L * B and find that the fraction of major merger candidates is roughly constant at ∼ 10% for 0.2 < z < 1.2 for both samples. We discuss the evolution of morphology for the bright galaxy population, luminous infrared galaxies, and the red sequence, and the implications for the build up of red spheroidals at z < 1. Throughout this paper, we use the term "morphologically disturbed" to refer to objects whose visual or quantitative morphologies classify them as merger candidates. We use the term "morphological merger fraction" and "fraction of morphologically disturbed objects" interchangeably to refer to the fraction of merger candidates identified via their morphologies as opposed to the merger fraction determined by close pair statistics. We adopt a H 0 = 70, Ω λ = 0.7, Ω m = 0.3 cosmology throughout this work.
EXTENDED GROTH STRIP OBSERVATIONS
2.1. HST ACS imaging and morphologies Deep HST images of the EGS were taken with the Advanced Camera for Surveys (ACS) as part of GO Program 10134 (PI M. Davis; Davis et al. 2007 ) and the AEGIS collaboration. The EGS was imaged in V (F606W, 2260s) and I (F814W, 2100s) over 63 tiles in a ∼ 10.1 ′ × 70.5 ′ strip centered at J2000 RA= 14h19m18s, Dec=+52
• 49 ′ 25 ′′ . Each tile was observed with 4 pointings per filter and combined with the STS- DAS.multidrizzle package using a square kernel. The final images have a pixel scale of 0.03 ′′ per pixel and PSF of 0.12 ′′ FWHM. The drizzling procedure results in correlated pixels in the output image; therefore the true sky noise for object photometry and morphology was calculated from the weight maps output by multidrizzle. The 5-σ limiting magnitudes for a point source are V F 606W = 28.14 (AB) and I F 814W = 27.52 (AB) within a circular aperture of radius 0.12 ′′ (∼ 50 pixels). For an extended object, the 5-σ limiting magnitudes are V F 606W = 26.23 (AB) and I F 814W = 25.61 (AB) assuming a circular aperture of radius 0.3 ′′ (∼ 314 pixels). Hereafter all references to ACS photometry in V F 606W and I F 814W are in the AB system. We detected objects in summed ACS V + I images and constructed initial galaxy segmentation maps using the SExtractor galaxy photometry software (Bertin & Arnouts 1996) and a detection threshold of 1.5σ and 50 pixels. These detection maps and the ACS zeropoints (Sirianni et al. 2005) were applied to each band separately to create the ACS photometric catalogs. ACS isophotal magnitudes are known to suffer from significant aperture corrections (Sirianni et al. 2005 ), therefore we use SExtractor 'BEST' magnitudes which attempt to correct for missing light and are in better agreement with ground-based magnitudes from DEEP and CFHTLS.
We selected all non-stellar objects with SExtractor CLASS STAR < 0.9 and I F 814W < 25.0 that did not lie within 50 pixels of a tile edge for our automated morphology analysis, covering an effective area of 710.9 arcmin 2 in the ACS images. For each galaxy the automated morphology analysis code uses the SExtractor segmentation map to mask out background and foreground objects. Then it calculates the Petrosian radius r p and assigns pixels brighter than the surface brightness at r p to the galaxy, and computes G and M 20 using these pixels (see Lotz et al. 2006 for details of the morphology analysis code). Out of 18831 galaxies brighter than I F 814W = 25.0 more than 50 pixels from the image edge, we obtained morphologies for 10832 (V ) and 11465 (I) EGS galaxies with S/N per pixel ≥ 2.5, r p ≥ 0.3 ′′ , and contiguous segmentation maps ( Figure  1 ). About 3% of all measured I < 25 objects were flagged as having non-continuous segmentation maps, usually the result of bad foreground/background object masks. Those flagged objects which meet our final sample criteria ( §2.4) were reanalyzed by hand to properly mask out foreground/background objects. Another 6% had Petrosian radii r p < 0.3 ′′ and were too compact to derive morphologies. The majority of low S/N per pixel objects are low-surface brightness galaxies with µ V > 24.7 or µ I > 24.2 (see Section §2.4).
Redshifts
The EGS is one of four DEEP2 Galaxy Redshift Survey fields -see Davis et al. 2002 , Coil et al. 2004 , Davis et al. 2004 , and Willmer et al. 2006 for a description of the DEEP2 survey, catalog construction, and data reduction. Unlike the other DEEP2 fields, no color preselection was applied, therefore z < 0.7 objects were not excluded as spectroscopic targets. About seventy percent of objects brighter than R(AB) = 24.1 were targeted by DEEP2, with ∼ 80% of those yielding 95% confidence (quality ≥ 3) redshifts, for a total spectroscopic redshift completeness ∼ 56% (Willmer et al. 2006) . We have 3839 matches of quality ≥ 3 DEEP2 redshifts to the ACS photometry catalog, and 3000 matches of quality ≥ 3 DEEP2 redshifts to ACS galaxies with good morphologies. Because we do not require high precision redshifts to examine the morphological evolution with redshift, we supplemented our spectroscopic redshift catalog with photometric redshifts determined by Ilbert et al. (2006) using the CFHTLS in ugriz. The CFHTLS Deep Field D3 surveys the EGS region down to a limiting i(AB) ∼ 26.2, but has small gaps in its coverage due to gaps in the MegaCam CCDs. We use only photometric redshifts calculated with 3 or more CFHTLS bands including the i band. We have 52548 matches of CFHTLS photometric redshifts with more than 2 bands to the ACS photometry catalog, and 10140 matches to ACS galaxies with good morphologies. 5960 CFHTLS galaxies with more than 2 bands have been matched to DEEP2 quality ≥ 3 redshifts; 2634 of these have good ACS morphologies. The CFHTLS photometric redshifts from Ilbert et al. (2006) are reliable to |∆z| ≤ 0.07(1 + z spec ) for z spec ≤ 1.2, i > 24.0, and g − i > 0.5, with typical σ(∆z) = 0.04(1 + z spec ) (Figure 1 ). The catastrophic failure rate where ∆z > 0.1(1 + z spec ) when compared to the DEEP2 quality ≥ 3 redshifts is less than 4% at 0.2 < z phot < 1. This rate increases to ∼ 8% for z phot > 1 with typical z spec ∼ 0.7. Catastrophic photometric redshift errors have a negligible effect on our morphological fractions ( §3.2). We performed bootstrapped simulations of the photometric redshifts and morphological distributions as a function of redshift ( §3.2) and find that the photometric redshift errors have no effect on observed morphological evolution.
Although the DEEP2 and CFHTLS redshift catalogs probe out to z ∼ 1.5, we select objects at z ≤ 1.2 where the ACS images sample rest-frame optical (λ > 3700Å ) morphologies to minimize rest-frame wavelength-dependent morphology biases. Galaxies appear significantly more irregular in rest-frame ultra-violet than in rest-frame optical images, and strong biases in the fraction of disturbed objects can occur when the wavelength dependence on morphology is not taken into account (e.g. Hibbard & Vacca 1997 , Marcum et al. 2001 , Windhorst et al. 2002 . In order to consistently sample rest-frame B (∼ 4500Å) morphologies across the full redshift range, we use the observed V F 606W morphologies at 0.2 < z < 0.6 and the I F 814W morphologies at 0.6 < z < 1.2 for our morphological classifications ( §3). The change in morphology between rest-frame 5100Å (for V at z ∼ 0.2 and I at z ∼ 0.6) and rest-frame 3700Å (for V at z ∼ 0.6 and I at z ∼ 1.2) is small for most local galaxies (LPM04). However we do note that the z ∼ 0.6 and z ∼ 1.2 sample have slightly higher merger fractions, possibly the result of this shift in restframe wavelength.
Completeness Issues
Galaxies in our final morphological sample must have (1) reliable rest-frame optical morphological measurements, i.e. S/N per pixel ≥ 2.5, r p ≥ 0.3 ′′ , and contiguous segmentation maps and (2) a reliable spectroscopic or photometric redshift, i.e. quality ≥ 3 for DEEP2 z spec or 3 or more bands used for CFHTLS z phot . Therefore the completeness of our matched morphologyredshift catalog depends on the detection limits in the ACS images, the surface-brightness and size limits of our morphological measurements, and the completeness of the DEEP2 and CFHTLS redshift catalogs which may be a function of observed color as well as magnitude. The detection limits of the ACS data are substantially deeper than our morphology and redshift catalogs, thus we use the ACS photometric catalog to compute completeness as a function of SExtractor 'BEST' magnitude, r p , and V − I color for the morphology and redshift catalogs (Figures 2 and 3) . Stars are excluded from the ACS photometric catalog by removing objects with SExtractor stellarity class > 0.9.
The completeness of the combined morphology and redshift catalogs as a function of Petrosian radius and magnitude are shown in V and I in the right-hand panels of Figure 2 . The Gini coefficient and M 20 become unreliable at S/N per pixel 2.5 (LPM04, Lotz et al. 2006 ). This S/N per pixel limit corresponds to average surface brightness within the Petrosian radius µ ∼ 24.7 AB magnitudes per arcsec 2 in V F 606W and ∼24.2 in I F 814W for face-on galaxies (solid line, right-hand panels in Figure 2 ). Brighter than these surface brightness limits, the joint morphology-redshift catalog is > 70% complete when compared to the ACS photometric catalog. Compact distant galaxies are also excluded because it becomes impossible to recover G and M 20 for galaxies with r p less than 0.3 ′′ in ACS images (Lotz et al. 2006) . However, these are less than 6% of the I < 25 sample and are mostly at I > 24 (Figures 2 and 4) . The DEEP2 spectroscopic redshift targeting selection excludes objects with surface brightnesses fainter than µ R ∼ 26.5 (Davis et al. 2007) , while the CFHTLS photometric redshift catalog has no strong selection against low surface brightness objects when compared to the ACS detections (Figure 2 ). Therefore the dominant selection effect is the surfacebrightness limit of the morphology catalog.
One may expect the redshift completeness to be a function of observed color for both the spectroscopic and photometric redshift catalogs. DEEP2 spectroscopic redshifts are determined using either strong emission lines found in blue star-forming galaxies (e.g. [OII] 3727, Hβ, [OII]5007, Hα) or absorption lines in older red stellar populations, while photometric redshifts are most reliable for older and redder stellar population with strong spectral breaks (e.g. 4000Å break). However we do not find a strong net bias (δ completeness >10%) against galaxies with either red or blue observed V − I colors in our final morphology-redshift catalog (last panel, Figure 3) . The DEEP2 spectroscopic catalog is more likely to miss faint (I > 21) red (V − I > 1.0) galaxies; however, the CFHTLS photometric redshift catalog is > 80% complete at 21 < I < 24, V − I > 1.0. Hence the final combined catalog including both spectroscopic and photometric redshifts is not strongly biased against red galaxies. In fact, we are slightly biased against blue galaxies (lower left hand panel of Figure 3 ). This is because the lowest surface brightness galaxies missing from the morphology catalog are more likely to be blue. We will discuss the implications for the observed morphology evolution in the next section. For objects with surface brightnesses greater than the 70% completeness limit found in Figure 2 (dashed line), we do not find a significant dependence of completeness on observed color (last panel, Figure 3 ).
Volume-limited sample selection
To track the evolution of galaxy morphology with redshift, we must first define a galaxy sample that is statistically complete in morphology and redshift measurements and probes the same population of galaxies (in terms of mass or luminosity) across the entire redshift range. In the previous sections, we found that the EGS matched morphology-redshift catalog is > 70% complete for objects with I ≤ 24 and µ I ≤ 24.2 with no color biases within this surface brightness limit. At z = 1.2, I = 24 corresponds to an absolute magnitude limit of M B (AB) ∼ −20.5 (approximately 0.4 L * B , adopting M * B (AB) = -21.44 from Faber et al. 2007 ). Absolute M B and restframe U − B colors are computed from the DEEP BRI photometry with empirical SED templates and from the ACS V I photometry where the DEEP BRI photometry is not available (see Willmer et al. 2006 for k-correction methodology).
We have constructed a volume-limited sample to study the morphology evolution from 0.2 < z < 1.2 by applying the >70% completeness size-magnitude cut to our highest redshift bin (1.0 < z < 1.2) and making certain Figure 2 , while the dot-dashed orange line in this panel corresponds to I ∼ 24. We assume no size evolution and pure luminosity evolution of 1.3 M B per unit redshift to select our volume-limited luminosity evolution sample. Applying the intrinsic size-magnitude cut where the highest redshift bin is >70% complete gives the solid orange selection boxes in the lower redshift bins. If we instead apply only a luminosity selection, we use the vertical cuts given by the dot-dashed orange lines. The > 70% completeness cut primarily excludes Sb-Irs. assumptions about how these galaxies evolve in luminosity and size with time ( Figure 4 ). We assume no size evolution. We assume pure luminosity evolution with an increase of 1.3 M B per unit redshift for all galaxies (Faber et al. 2007) , and apply a cut of L B > 0.4L * B . These limits correspond to M B <= −18.94 − 1.3z, and M B < −2.70 log10(r p ) −16.90 − 1.3z ( Figure 4 ). Our final volume-limited sample has 2565 galaxies. We find that our results are not strongly dependent on the magnitude of the assumed luminosity evolution, which may be between 1.0 and 1.5 magnitudes (e.g. Barden et al. 2005 , Brown et al 2006 , Faber et al. 2007 , Melbourne et al. 2007 . Roughly 60% of this sample has DEEP2 spectroscopic redshifts, and we use CFHTLS photometric redshifts for the remaining 40% of the sample. The redshift distributions of our luminosity evolution L B > 0.4L * B sample with the 70% completeness size-magnitude cut are shown in Figure 5 . The spectroscopic and photometric redshift sub-samples show similar redshift distributions. The photometric redshift distributions do not detect over-densities at z ∼ 0.72 and z ∼ 0.85 found by the DEEP2 survey and contribute ∼ 50% of the sample at z > 1. If we do not apply the > 70% completeness size-magnitude cut, we have a sample of 3009 galaxies. The disadvantage of the size-magnitude completeness cut is that we exclude many objects with perfectly good redshifts and morphologies with lower surfacebrightnesses from the lowest redshift bins (Figures 4 and 5). We stress that the conclusions of this paper apply only within the sample selection criteria -i.e. for galaxies with relatively bright optical magnitudes and high surface-brightnesses. With the EGS data alone, we cannot know how these excluded objects evolve because we cannot observe the progenitors of these objects in our highest redshift bin if their surface-brightnesses evolve passively. We note that this limitation is a problem for all morphological analyses (including visual classifications) which properly take into account the surface-brightness selection effects and biases. Most of the excluded objects are classified as late-type spirals and have blue colors ( Figures 3 and 4) ; late-types have larger Petrosian radii and lower-surface brightnesses than early-types at a given magnitude. Some excluded objects are mergers, but we find mergers are just as likely to have high surface brightnesses as low-surface brightnesses and so are not preferentially removed from our samples in the lower redshift bins. Therefore the > 70% completeness cut effectively lowers the ratio of late-types to early-types. A preliminary morphological analysis of the Great Observatories Origins Survey (GOODS) ACS data (Giavalisco et al. 2004 ), which probes lower-surface brightnesses but a smaller volume at z ∼ 1.1, supports this conjecture. We calculate the morphological fractions for a L B > 0.4L * B sample that includes all low surface brightness objects in §3.2 (dot-dashed lines shown in Figure 4 ) and compare to the > 70% complete volume-limited sample described above.
For each object we determine the completeness for its magnitude, size, and V − I color using the contours in Figures 2 and 3. The average completeness for each redshift bin and morphological type are given in Table 1 . We also compute a correction factor for the morphological fraction W(type) = C(total) / C(type) . These corrections are quite small, and never result in changes of more than 2%. The fractions given in Table 2 are corrected by the values given in Table 1. 2.5. MIPS 24 µm sample Spitzer Space Telescope Multiband Imaging Photometer for Spitzer (MIPS) data in the 24 µm band was obtained for the EGS as part of the GTO program (PI Rieke, Fazio). We matched the ACS detections to the MIPS 24 µm catalog (see Papovich et al. 2004 for details of the catalog construction), and found 2902 unique matches brighter than 60 µJy and within 1.5
′′ of an ACS detection. These were then matched to the redshift catalogs: 889 have spectroscopic redshifts with quality ≥ 3, while an additional 898 have photometric redshifts. Infrared luminosities (8-1000µm, Sanders & Mirabel 1996) were derived using the Chary & Elbaz (2001) templates in the same manner as Le . Our final LIRG sample of 515 objects was selected to have 0.
′′ , and meet the same > 70% completeness criteria shown in Figure 4 . Above z ∼ 1, the 24µm sample is incomplete at L(IR) < 2 × 10 11 L ⊙ ( Figure 6 ). Most of the LIRGs in our sample are ≥ 1 magnitude brighter than our I = 24 cutoff magnitude.
3. MORPHOLOGY EVOLUTION AT 0.2 < Z < 1.2 3.1. Morphological classification at high redshifts Visual classification of nearby galaxies has a long and distinguished history (see Sandage 2005 for a recent review). However, visual classification assigns galaxies into discrete categories while real galaxies lie along a continuum of morphological properties. Visual classification is inherently subjective and human classifiers of local wellresolved galaxies often disagree by one or more classes. Finally, visual classification of distant galaxies become increasingly difficult as the spatial resolution and signalto-noise of the image decreases and mis-classification become more common (e.g. Brinchmann et al 1998).
With quantitative morphology measures, one may avoid the issues of subjectivity and can quantify the effects of low signal-to-noise and resolution on the measured values. But quantitative measures have their own difficulties. Quantitative measurements often show a good deal of scatter when compared to visual classifications. This is perhaps unsurprising given the uncertainty in visual classifications and given that a single quantitative measurement is unable to capture the full richness of visual classification. With quantitative measurements, one can choose whether to classify an object into discrete categories by comparing to visual classifications or to characterize the natural distribution of values (e.g. Blanton et al. 2004 ). We explore both approaches to the G − M 20 classification scheme.
The Gini coefficient G and the second-order moment of the brightest 20% of the light, M 20 , are two nonparametric measures of galaxy morphology put forth in LPM04. With these two quantities measured in restframe B, it is possible to identify local galaxy merger candidates and classify early-and late-type galaxies (LPM04). G is a statistic used frequently in economics to quantify the distribution of wealth in a population, and was first used to quantify the distribution of light among a galaxy's pixels by Abraham et al. (2003) . Although generally correlated with concentration for normal galaxies, it is not sensitive to the location of the brightest pixels and hence shows high values for galaxies with multiple bright nuclei as well as highly centrallyconcentrated spheroidals. A efficient way to compute G is to first sort the pixel flux values f i into increasing order and calculate
where n is the number of pixels assigned to a galaxy. For uniform surface-brightness galaxies, G is zero; and if one pixel has all the flux, G is unity (Glasser 1962) . M 20 is anti-correlated with concentration, with highly concentrated galaxies having low M 20 values. Unlike concentration which is measured in circular apertures, M 20 directly traces the spatial extent of the brightest pixels in a galaxy and is more sensitive to merger signatures like double nuclei. It is also normalized to the total moment of the galaxy, and thus is less sensitive to inclination. It is defined as Note. -The mean completeness for each redshift bin and morphological type and the correction factors to the morphological fractions W(type)= C(tot)/C(type) are given.
where x c , y c is the galaxy's center (LPM04). The center is computed by finding x c , y c such that M tot is minimized.
In the left-hand side of Figure 7 , we plot the G − M 20 values for a heterogeneous sample of local galaxies measured by LPM04. The images of normal Hubble types (E-Ir) are from the Frei et al. (1996) catalog and the SDSS; the G-M 20 values are measured at rest-frame B (Frei galaxies) or g (SDSS) and the visual classifications come from the Carnegie Atlas (Sandage & Bedke 1994) . The normal galaxies lie along a well-defined sequence in G-M 20 , with early-types (E/S0/Sa) exhibiting high G and low M 20 values and late-types (Sb-dI) exhibiting low to moderate G and higher M 20 values. Although there is significant scatter in the G-M 20 values of a particular visual classification, most local E/S0/Sa lie above and to the right of the dashed red line while most spiral and late-types lie below and to the left of the dashed red line.
We have also plotted a sample of ultra-luminous infrared galaxies (ULIRGS) from Borne et al. (2000) merger stages from close pairs to ongoing mergers with double nuclei to recently merged objects with tidal tails and bright single nuclei. Detailed kinematic studies of a smaller sample of ULIRGs indicate that many ULIRGs are mergers of roughly equal mass galaxies (Dasyra et al. 2006) . We find that the majority of ULIRGs lie above the sequence of normal Hubble types. In LPM04, we estimated the upper limit of the local normal galaxy G-M 20 sequence with the dotted green line where major-merger candidates fall above this line.
In the right-hand side of Figure 7 , we plot the restframe B G-M 20 values for our > 70% complete L B > 0.4L * B sample at 0.2 < z < 0.4 (see also first panel in Figure 10 ). Unlike the local galaxy sample studied in LPM04, this sample is ∼ 88% complete (Table 1) and we can look for features in the distribution of G-M 20 space and use any such features to classify galaxy morphologies. We again find the most galaxies lie along a well-defined sequence in G-M 20 (fit by the solid black line). The G − M 20 distribution shows evidence for bimodality (solid contours), with one peak corresponding to the region where local Sb/Sc/Ir fall and the second peak slightly below where local E/S0/Sa fall. The solid red line indicates the minimum between these two peaks. The solid green line has the same slope as the line fit to the G − M 20 locus, but is has a zeropoint shifted +0.06 in G (three times the typical uncertainty in G). Objects above the solid green line lie in roughly the same region as the major-merger candidates measured by LPM04 (dashed green line).
We visually inspected the 0.2 < z < 0.4 sample to determine how well the classification based on the features of the 0.2 < z < 0.4 G-M 20 distribution corresponded with visual morphologies. In Figure 8 , we show the 18 merger candidates above the solid green line in Figure 7 , including those objects where the two classification cuts disagreed. We find that all but 3 objects show morphological merger signatures in the form of very close pairs, off-center nuclei, or asymmetries (orange diamonds, right panel of Figure 7 ). One undisturbed object is an edgeon disk, one is an early-type galaxy with an uncorrected cosmic-ray, and one is a face-on spiral with very knotty star-formation. In Figure 9 , we show 20 objects that lie between the solid and dashed red lines in Figure 7 . Almost all of these objects appear to be red S0 or Sa galaxies with a significant bulge and a disk component but little evidence for spiral arms. We conclude that the classification cuts based on the natural distribution of G-M 20 space do a better job of identifying z > 0.2 earlytype galaxies and finds slightly more merger candidates than the z = 0 visual classification scheme. We adopt the following classifications for 0.2 < z < 1.2 EGS galaxies: The merger classification cut is shown as the green line in the right panel of Figure 7 , the division between E/S0/Sa and Sb-Ir is shown as the red line in the same figure. Changes in the positions of these cuts will change the relative fractions of mergers, E/S0/Sa, and Sb-Ir. We present the effects of small offsets to these classifications on the derived morphological fractions in the next section. While our discrete classifications of 'E/S0/Sa', 'SbIr' and 'major-merger candidate' adopted here are guided by the visual classifications, strictly speaking the classi- Fig. 8 .-ACS V + I color images of merger candidates from EGS 0.2 < z < 0.4. These 18 galaxies lie above the solid magenta line in the right-hand side of Figure 7 . Three of these merger candidates show no signs of recent interaction (boxed images); one is an edge-on disk, one is an early-type E/S0, and one is a face-on disk with knotty star-formation. The images are 7.5 ′′ × 7.5 ′′ .
fications are labels for particular quantitative regions of G-M 20 space.
The HST ACS observations of the 0.2 < z < 0.4 sample have worse spatial resolution (∼ 0.5 kpc per PSF FWHM) than ground-based images of local galaxies used in LPM04 (< 0.1 kpc per PSF FWHM). The shift in M 20 values from z = 0 early-types to z ∼ 0.3 earlytypes is likely to be caused by the factor of five change in spatial resolution of the images (see discussion of resolution effects in LPM04). The change in spatial resolution from z ∼ 0.3 (∼ 0.5 kpc per PSF FWHM) to z ∼ 1.1 (∼ 1.0 kpc per PSF FWHM) is not as dramatic as the change from the LPM04 z = 0 sample to the EGS z ∼ 0.3 sample. Nevertheless, we tested whether the classification cuts based on the 0.2 < z < 0.4 are robust to redshift-dependent effects. We artificially redshifted the 0.2 < z < 0.4 sample to z=0.5, 0.7, 0.9, and 1.1 by rescaling the galaxy sizes by the angular diameter distance and Fig. 9 .-ACS V + I color images of border-line early/late type galaxies in the EGS at 0.2 < z < 0.4. These galaxies lie between the solid and dotted red lines in Figure 7 . The majority are bulge-dominated galaxies with little evidence for spiral arms. We classify these as E/S0/Sa and adopt the solid red line in Figure 7 as the division between E/S0/Sa and Sb-Ir G − M 20 galaxy classification. The images are 7.5 ′′ × 7.5 ′′ .
rescaling the galaxy fluxes by the luminosity distances and assuming 1.3 magnitudes of brightening per unit redshift. We then recomputed G-M 20 values and classifications for the artificially redshifted images. We find that the fraction of artificially-redshifted objects that are misclassified is ∼ 15% and does not change significantly with redshift. Changing the G − M 20 classification cuts with redshift does not improve our mis-classification rate. The net corrections to the observed morphological fractions are less than 15% because for every merger mis-classified as an E/S0/Sa or Sb-Ir, a certain number of E/S0/Sa or Sb-Ir are mis-classified as mergers. The net corrections are comparable to the Poisson and bootstrapped errors derived in the next section and are −8% for Sb-Ir, +5% for E/S0/Sa, and +2% for the merger candidate fraction. Because our artificial-redshift tests do not show a change in the mis-classification rate with redshift, we adopt the same G − M 20 classification cuts for all redshift bins.
G-M 20 distribution v. redshift
In Figure 10 , we plot the G − M 20 distribution of our > 70% complete volume-limited L B > 0.4L * B sample as a function of redshift. The rest-frame B-band G − M 20 distribution at 0.2 < z < 1.2 is remarkably similar to local galaxies, with the majority of galaxies lying along a clear sequence in G−M 20 . The error-bars are for a S/N per pixel = 2.5 galaxy in ACS images (δG = ±0.03, δM 20 = ±0.1; see Lotz et al. 2006 for tests of G and M 20 in deep HST ACS images); the typical S/N for our sample is 4-6 with δG = ±0.025, δM 20 = ±0.03.
We have visually inspected all of the merger candidates, and find that ∼ 83% (332/402) show merger signatures such as offset or multiple nuclei, visual asymmetries, and close companions. The remaining ∼ 17% are ambiguous and usually lie close to the dividing line between mergers and 'normal' galaxies (orange diamonds, Figure 10 ). These are often spirals or irregulars with bright off-center star clusters. We use the DEEP2 spectroscopic survey to estimate the number of chance superpositions that result in false merger detections. Five percent of the galaxies in our sample with spectroscopic redshifts (83/1530) have multiple systems at different redshifts in a single DEIMOS slit, due to either chance superpositions or gravitational lenses (cyan boxes, Fig. 10 ). Roughly a quarter (21/83) of the chance superpositions are classified as merger candidates. 223 of our merger candidates have spectroscopic redshifts, hence we expect ∼ 9% of all merger candidates to be chance superpositions. Extrapolating to the photometric redshift sample, we find the correction for chance superpositions has a negligible effect on derived merger fractions (∼ 1%).
Some of our merger candidates are very close pairs with overlapping isophotes and are identified in the ACS images as a single object by SExtractor. These objects are also blended in ground-based images, and the red-blue pairs in particular may have unreliable photometric redshifts. Sixteen of our merger candidates are very close pairs with only photometric redshifts available. Nine of these show V − I color differences > 0.2 as measured in 0.5 ′′ apertures around each nucleus in the ACS images. These blended sources have a negligible contribution to the derived merger fraction and evolution. We have chosen to include them in the final merger candidate sample, but excluding them would not affect our results.
We plot the morphological fractions as a function of redshift for the samples with and without the > 70% completeness size-magnitude cut (solid lines and points in Fig. 11 ). The fractions have been corrected for incompleteness (Table 1) , visually ambiguous merger candidates and chance superpositions. The fraction of objects that are too compact to classify are plotted as grey points; their contribution is negligible for all redshift bins. The solid lines are for the entire sample, and the dashed lines are the spectroscopic redshift sub-sample. We find that the fractions derived for objects with spectroscopic redshifts and for the full samples are very similar, with a slightly lower/higher fraction of earlytypes/late-types for the spectroscopic sample in our high- est redshift bins. We also find similar evolution in morphologies for the sample with the size-magnitude cut and the sample with no such cut, with the lowest redshift bins showing slightly higher fractions of disk-dominated latetype galaxies when no cut is applied. The merger fractions are identical. Given the similarity between these two samples, we will only refer to the sample with the > 70% completeness cut for the rest of the paper.
To estimate the uncertainties in the fractions associated with the measurement errors, we have also created 10,000 bootstrapped realizations of the G-M 20 distributions and compute the average morphological fractions and 1-σ standard deviations for each redshift bin. These simulations resample the G and M 20 measurements using uncertainties and biases as a function of S/N found in Figure 2 of Lotz et al. (2006) and assuming a Gaussian error distribution. The simulations also resample the photometric redshifts assuming a photometric redshift σ = 0.07(1+z phot ). In general, we derive similar morphological distributions from both the observed samples and bootstrap realizations, although the simulations classify slightly more galaxies as mergers and fewer as late-types. The error-bars plotted for the observed fractions in Figure 11 are the Poisson uncertainties and mean bootstrap shifts added in quadrature. The observed morphological fractions, Poisson uncertainties, and mean bootstrap shifts are given in Table 2 . Our error-bars do not include cosmic variance. When we make a jackknife estimate by dividing the EGS field into 7 regions, we find the standard deviations of the morphological fractions are less than expected from Poisson statistics, implying that the effects of cosmic variance are small.
We show the effect of ±0.02G shifts in the classification criteria given in Eqn. 4. The shaded regions show the maximum and minimum values of the morphological fractions when these shifts are applied. Although the absolute values of the fractions are sensitive to the positions of the classification cuts, the evolution in the fractions is unchanged. Shifting the merger criteria by −0.02G roughly doubles the number of objects classified as mergers; this is because the merger cut is parallel to the main locus of normal galaxies. This cut includes many more normal galaxy interlopers, hence we adopt the more conservative merger definition given in Eqn. 4.
We find that the fraction of major merger candidates does not strongly evolve with redshift at 0.2 < z < 1.2 for both samples. The merger fraction is roughly constant at 10 ± 2% for 0.2 < z < 1.2 ( Figure 11 and Table 2 ). The observed fraction of Sb-Ir declines from 64 ± 0.05% at z ∼ 1.1 to 47 ± 0.09 % at z ∼ 0.3 (Fig. 11 , blue triangles). Many of these systems are "irregular" in visual morphology, but have G and M 20 consistent with latetype disks. The observed fraction of E/S0/Sa increases from 21 ± 5% at z ∼ 1.1 to 44 ± 0.09 at z ∼ 0.3 (Fig. 11,  red squares) .
The most important sources of possible bias in our merger fractions are incompleteness and classification errors. The z ∼ 1.1 redshift bin is the least complete and if many z ∼ 1.1 mergers are low surface brightness, we could underestimate the merger fraction and the evolution in the merger rate. However, given the distribution of sizes and magnitudes of the z ∼ 1.1 merger candidates we do observe, this is highly unlikely. The completeness corrections computed in Table 1 strongly suggest that we are not preferentially biased against high redshift mergers. Classification errors are also likely to be significant at high redshift, and our artificial redshift tests imply that up to 15% of our sample will be misclassified. However, this misclassification rate does not change significantly between z ∼ 0.5 and z ∼ 1.1, and the net correction to the merger fraction is only ∼ 2%. The weak dependence of the derived morphologies on redshift shows that redshift errors have little effect on our results so long as they are confined to a minority of the sample.
Morphologies of LIRGS Infrared-luminous galaxies with L(IR) > 10
11 L ⊙ are dominated by late-types (45-80%) at 0.4 < z < 1.0 where the 24 µm sample is most complete (Table 2; Fig. 12 ). Merger candidates are ∼ 15 ± 2% of the LIRG sample over the same redshift range (Table 2 ; Fig. 12 ). There is some indication that the merger fraction of LIRGs may increase to > 25% at z < 0.5, although this increase is not statistically significant because of our small sample size at these redshifts. We also find a number of bright 24 µm sources with E/S0/Sa morphologies (8-30%). Many of these have an obvious star-forming disk (i.e., Sa). One spheroid-dominated galaxy has L(IR) ∼ 3 × 10 12 L ⊙ and appears to be a post-merger remnant. Active nuclei (which may be more prevalent in bulge-dominated systems) may be present in ∼ 15% of z ∼ 1 MIPS sources , Bell et al. 2005 ).
MORPHOLOGY-COLOR RELATION AND
EVOLUTION OF THE RED SEQUENCE The G − M 20 classifications correlate well with the galaxies' rest-frame U − B colors (Figure 13) . We adopt the division between red and blue galaxies defined by Willmer et al. (2006) and define 'red sequence' galaxies with U − B colors > 0.1 AB mag above this division, 'blue cloud' galaxies with U − B colors < 0.1 AB mag below this division, and 'green valley' galaxies between these two cuts : 
Roughly three-quarters of E/S0/Sa lie on the red sequence while only 8% of Sb-Ir do. Approximately 14% of mergers are red in U − B. Conversely, 86% of Sb-Ir and 80% of merger candidates fall in the blue cloud, while only 18% of E/S0/Sa are blue. Given that 60-70% of our sample are in the blue cloud and 20-40% are on the red sequence, our merger candidates are more likely to be blue than the general population.
The morphological make-up of the red sequence evolves with redshift, while the morphologies of blue cloud galaxies remain largely unchanged. In Figure 14 , we have plotted the observed morphology distribution of the red sequence, green valley, and blue cloud galaxies. At z ∼ 1.1, 69 +14 −12 % of red galaxies lie in the E/S0/Sa region of G − M 20 space, while at z ∼ 0.3 92 +8 −21 % of the red sequence galaxies are classified as E/S0/Sa. Most of the remaining red galaxies are disk-dominated galaxies, with Sb-Ir making up 29 +9 −7 % of the red sequence at z ∼ 1.1. Some of the red disk galaxies are edge-on systems, and many are similar to the diffuse red galaxies found by Weiner et al. (2005) in DEEP1 WFPC2 images. The remaining red sequence galaxies lie in the merger-candidate region of G − M 20 space.
Blue cloud galaxies are dominated by disk galaxies at all redshifts, and show a roughly constant fraction of mergers (∼ 13%) and blue E/S0/Sa (∼ 9%). The majority of blue E/S0/Sa are Sa with very bright bulges and blue star-forming disks, although some appear to be pure spheroids without disks. There is a suggestion that green valley galaxies transition from being dominated by disk galaxies at z ∼ 1.1 to having equal numbers of spheroidal and disk-dominated galaxies at z < 0.8, but there are too few green galaxies to make a strong conclusion.
The majority of luminous infrared galaxies are bright (M B < −21) and blue (U − B ∼ 0.65 − 1.0; Figure 15 ). However, some are red in rest-frame U −B. Most of these are morphologically classified as Sb-Ir, suggesting that many red disks are reddened by dust. Eight are merger candidates, and may also be heavily reddened. Thirtyone of the red LIRGs are E/S0/Sa. Many of these are Sas with visible star-forming disks. The remaining red spheroidal LIRGS could host IR-luminous AGN.
GALAXY MAJOR MERGER RATE
The G − M 20 merger criteria given in Eqn. 4 do not identify all galaxies undergoing the merger process. The sensitivity of G − M 20 to merger activity will depend on merger stage, mass ratio, gas content, initial morphologies, initial orbital conditions, viewing angle, dust extinction, and wavelength. For example, galaxies during their first pass may meet the kinematic pair criteria but may not have experienced the tidal fields necessary to distort their morphologies, and hence would not be classified as merger candidates using G − M 20 . On the other hand, recently merged gas-rich galaxies will exhibit highly disturbed morphologies but are no longer considered a kinematic pair. Computation of a merger rate from the morphological merger fraction (whether those merger candidates are identified by visual classifications or quantitative morphologies) requires that the observed merger fraction be weighted by the timescales during which mergers can be identified via their morphologies. Those timescales are largely uncalibrated and will depend on the mass ratios, initial galaxy types, merger orbits, etc. The solid line is the dividing line between the red and and blue galaxies from Willmer et al. (2006) . Galaxies above the upper dotted line are red sequence galaxies, galaxies below the lower dotted line are blue cloud galaxies, and galaxies between the dotted lines are green valley galaxies. Morphological classification correlates well with rest-frame color, with ∼ 76% of E/S0/Sa lying on the red sequence and ∼ 86% of Sb-Ir in the blue cloud.
Our G − M 20 merger criterion was initially determined using a large sample of ultra-luminous infrared galaxies (LPM04), which have been shown to be gas-rich mergers with mass ratios ≥ 1:3 (Dasyra et al. 2006) . Gas-rich equal-mass merger models suggest the timescales during which merging systems lie in the merger candidate region in Figure 10 are 0.5-1 Gyr, depending on the viewing angle, extinction, and merger parameters (Lotz et al., in prep) . However, some of our merger candidates are red spheroids and gas-poor mergers may appear morphologically disturbed for shorter timescales (∼ 0.25 Gyr, Bell et al. 2006a) .
The galaxy major merger rate for galaxies brighter than limiting luminosity L lim is
where n(z) is the co-moving number density of galaxies at redshift z brighter than L lim , f m is the fraction of merger candidates brighter than L lim , and T m is the timescale during which merging galaxies can identified morphologically. It is important to note that the dynamical timescale for the entire merger process is generally longer than the timescale during which merging systems can identified via morphologies. T m may be different for different morphological measures (G − M 20 , asymmetry, visual classifications), and therefore may result in somewhat different estimates of N merg if T m is not adjusted accordingly.
For close pairs of galaxies within a given magnitude range, projected distance, and relative velocity, we adopt the formalism of Patton et al. (2000) where the galaxy merger rate is
where n(z) is the co-moving number density of galaxies at redshift z within the magnitude range of the observed pairs, N c (z) is the average number of companions for galaxies within the observed magnitude range, the 0.5 factor accounts for the double counting of pairs, p(merg) is the probability that the galaxy pair will merge (typically assumed to be 0.5), and T p is the timescale for which merging galaxies appear as pairs (∼ 0.25-0.5 Gyr for projected distances of ≤ 30 h −1 kpc and relative velocities ≤ 500 km s −1 ; Lotz et al., in prep) . To directly compare the morphological merger rate and the pair-count merger rate, one must compare the paircount merger rate over the same magnitude-range as the progenitor of the morphologically-disturbed sample. We assume that mergers of mass ratios greater than 1:3 will be classified as major mergers in G-M 20 and that the typical mass-to-light ratio is ∼ 1. The kinematic galaxy pair studies by Patton et al. (2002) and Lin et al. (2004) draw both the primary and secondary galaxies from the same magnitude range. Therefore the progenitors of the L B > 0.4L * B merger sample are drawn from paired galaxies brighter than 0.1 L * B . Adopting a Schechter function for the galaxy luminosity function and neglecting the luminosity dependence of N c , we find Upper left: The fraction of galaxies in the > 70% complete L B > 0.4L * B sample in the red sequence, green valley, and blue cloud. Upper right: The morphologies of red sequence galaxies v. redshift. Lower left: The morphologies of green valley galaxies v. redshift. Lower right: The morphologies of blue cloud galaxies v. redshift.
Assuming α = −1.3, p(merg) = 0.5, and
In the left-hand side of Figure 16 , we plot f m for the EGS sample and N c for physical pairs with δr ≤ 30 kpc, δv ≤ 500 km s −1 , and −21 < M B + Qz < −19 where the luminosity evolution parameter Q=1 (Lin et al. 2004; Patton et al. 2002) . The N c values at z ∼ 0.7 derived by Bell et al. (2006b) by applying the projected two-point correlation function to the COMBO-17 survey and at 0.5 < z < 1.5 by Bundy et al. (2004) value at z=0 (de Propris et al. 2007) . However, these studies have different selection criteria so we do not plot them in Figure 16 .
We find f m ∼ N c , implying either T m ∼ 3.4T p or that the fraction of morphologically-disturbed galaxies is larger than the merger rate implied by the pair counts of bright galaxies. The latter could result from increasing N c at fainter magnitudes (as seen in Fig. 2 of Lin et al. 2004 ). Our morphological merger fraction could also be enhanced if many of our merger candidates are minor mergers. Contamination of the morphological sample by irregular but not merging galaxies would also artificially increase f m . Both T m and T p are highly uncertain, although hydrodynamical simulations suggest T m ∼ 1.8 − 2.5T p (Lotz et al., in prep) .
In the right-hand side of Figure 
Propris et al. 2007
). Our merger fractions are generally within the error-bars of these previous morphological studies at z ≤ 0.7, but give somewhat lower values at z ∼ 1. The exception is Kampczyk et al. (2007) , who measured a very low fraction of visually-disturbed galaxies at z ∼ 0.7 (2.4%) but estimate that they would detect only 1 in 5 mergers at z ∼ 0.7 because of the low surface-brightnesses of tidal tails used to classify mergers. Because of this large correction factor and unknown uncertainties in their measured fractions, we have not plotted these points. We do include the fraction of 'irregulars' in the COSMOS field from the PCA analysis of Scarlata et al. (2007a) , although Kampczyk et al. (2007) suggest that only 30% of these would be visually classified as mergers. The Scarlata et al. (2007a) points are derived by integrating their best-fit Schechter functions for the irregular and total galaxy populations down to our magnitude cutoff at z = 0.7 (M B = 19.85).
The fraction of bright EGS galaxies classified as merger candidates in G − M 20 is ∼ 10% . This morphological major merger fraction does not evolve strongly for 0.2 < z < 1.2 and is consistent with no evolution. Fitting a merger fraction evolution function f m (z) ∝ (1 + z) m to the EGS points, we find m = 0.23 ± 1.03. Including the literature values of the morphologically-determined merger fraction for 0.2 < z < 1.3, we find m = 1.26 ± 0.56. If we include the z ∼ 0 merger fraction from de Propris et al. (2007) determined using asymmetries, the evolution in the merger fraction steepens to m = 2.09 ± 0.55. We caution that including the merger fractions from the literature may not be valid given the variety of morphological diagnostics and associated timescales needed to determine the merger fraction.
The DEEP2 and COMBO-17 surveys find that the co-moving number density of bright galaxies has not changed significantly since z ∼ 1.1.
Integrating the Schechter function down to 0.4 L * and assuming log10(φ * )= −2.5 and α = −1.3 (Faber et al. 2007 ), we find the co-moving number density n(z) = 2.1 × 10 −3
Mpc
−3 . Adopting f m = 0.10 and T m ∼ 0.5 − 1 Gyr, we estimate that the merger rate for L B ≥ 0.4L * B is 2 − 4 × 10 −4 Gyr −1 Mpc −3 at 0.2 < z < 1.2. Integrating this rate from z = 1.1 implies that 45-90% of L B > 0.4L * B galaxies at z = 0.3 had a major merger in the previous 4.7 Gyr. If many of our merger candidates have mass ratios less than 1:3, the implied mass accretion rate would be lower but the evolution in the merger rate would remain unchanged.
6. DISCUSSION The weak evolution of the merger fraction observed in the EGS at 0.2 < z < 1.2 is in disagreement with previous claims for a dramatic increase in the z ≤ 1 morphological merger rate with m > 2 (e.g., Brinchmann et al. 1998; Le Fèvre et al. 2000; Conselice et al. 2003; Cassata et al. 2005; Kampczyk et al. 2007) , despite the general agreement of the morphologically-determined merger fraction values at z ∼ 0.5−1 (Figure 16 ). Most of the evidence for strong evolution in the merger fraction comes from the lowest and the highest redshift points (Figure 16 ). At z > 1.2, the effects of bandpass shifting makes measuring the merger fraction from morphologies difficult without high resolution near-infrared data. Both Brinchmann et al. (1998) and Le Fèvre et al. (2000) visually classified galaxies from the Canada-France Redshift Survey and Autofib-Low Dispersion Spectrograph Nc, the average number of companions from pair counts (Patton et al. 2002 , Lin et al. 2004 , are shown on the left. The morphological merger fraction from the literature for visual classifications (Le Fèvre et al. 2000) , rotational asymmetries , Cassata et al. 2005 , de Propris et al. 2007 , and PCA analysis (Scarlata et al. 2007a ) are shown on the right. The Scarlata points are from integrated the best fit Schechter functions to the irregular galaxies with (upper point) and without (lower point) corrections for the photometric redshifts.
Survey using only HST W F P C I-band images. A later study of mergers based on a similar visual classification scheme found much weaker evolution in the merger rate when the morphological-dependence on wavelength was taken into account (Bundy et al. 2005 ). The Cassata et al. (2005) claim for a strong increase in the merger fraction with redshift comes largely from galaxies at z > 1.2 where they can only measure the rest-frame ultraviolet morphologies. Only Conselice et al. (2003) has determined the merger fraction via morphologies using nearinfrared images at z > 1; this study used HST NIC3 images of the Hubble Deep Field North and hence was limited by small sample size. Future observations with Wide Field Camera 3 on HST should yield much larger high resolution near-infrared surveys for morphological studies at z > 1.2.
Only a few works have attempted to measure the local merger fraction from morphologies (Kampczyk et al. 2007 , de Propris et al. 2007 ) using visual classifications and asymmetries. These are consistent with local measurements of the kinematic pair fraction which also give lower merger rates than the z ∼ 1 measurements (Patton et al. 2002) . Studies of the COSMOS ACS survey by Kampczyk et al. (2007) and Scarlata et al. (2007a) find evidence for an increase in visually disturbed (Kampczyk et al. 2007 ) and quantitatively irregular (Scarlata et al. 2007a ) galaxies at z ∼ 0.7. However, because most of the COSMOS field is imaged in a single bandpass (I), galaxies can be classified in rest-frame B from the ACS data for only a limited redshift range. Both of these studies use a local sample of SDSS galaxies to determine the merger/irregular galaxy fraction at low redshift. Close pair studies using the DEEP1 survey (Bundy et al. 2004 ) and the DEEP2 survey (Lin et al. 2004 ) and the two-point correlation function from the COMBO-17 survey (Bell et al. 2006b ) also find weak evolution with m ∼ 0.5 in the pair fraction at 0.2 < z < 1.2. Kartaltepe et al. (2007) claim strong evolution in the fraction of close pairs in COSMOS identified via photometric redshifts only. However, again most of their evidence for strong evolution comes from the z ∼ 0 SDSS pairs catalog of Allam et al. (2004) ; the evolution in the COSMOS 0.15 < z phot < 1.05 pairs is much weaker. The weak evolution in the pair counts and morphological disturbed galaxies at 0.2 < z < 1.2 and the low merger fraction observed at z < 0.2 suggest a rapid increase in the merger rate from z ∼ 0 to z ∼ 0.2. Clearly, more work is needed at z < 0.2 and at z > 1 to constrain the evolution in the galaxy merger rate.
The theoretical predictions for the galaxy merger rate over this epoch have changed in recent years. Although N-body simulations of galaxy halos predict a halo merger fraction ∝ (1+z) 3 (Gottlöber, Klypin, & Kravtsov 2001) , the galaxy merger rate may evolve less dramatically than the halo merger rate because multiple galaxies occupy the same halo at late times (Berrier et al. 2006) . Interestingly, many semi-analytical models do not predict a dramatic increase in the fraction of merging galaxies brighter than M B = −20 from z ∼ 0 to z ∼ 1 (Bell et al. 2006a; Benson et al. 2002) . The hydrodynamical simulations analyzed by Maller et al. (2006) imply that the galaxy merger rate roughly doubles from z = 0 to z = 0.6. However, they find that ∼ 45% of massive galaxies have experienced mergers with mass ratios greater than 1:4 since z = 1, in rough agreement with the merger rate we find here.
We contradict previous HST studies, which concluded that the increase in the faint blue galaxy population and the volume-averaged star-formation densityρ * from z ∼ 0 to 1 was driven by major merger triggered starformation in an increasing population of peculiar galaxies (e.g., Glazebrook et al. 1995; Le Fèvre et al. 2000; Bridge et al. 2007) . Using the G − M 20 classification scheme, we are able to distinguish between late-type spirals/irregulars and major merger candidates (LPM04). While the major merger fraction remains constant from 0.4 < z < 1.2, we find that the fraction of Sb-Ir increases with redshift. These galaxies also dominate the infrared luminous galaxy sample, which is the major contributor to star-production at z ∼ 1. As concluded by other authors (Flores et al. 1999; Bell et al. 2005 Noeske et al. 2007 ), the increase in star-formation density at z ∼ 1 is not driven by merger-induced starformation, but rather by increased star-formation in the late-type disk population. The corresponding increase in the fraction of bright late-types with redshift suggests that the increase inρ * is tied to disk gas-consumption and higher gas fractions at z ∼ 1 (e.g. Noeske et al. 2007 ). However, we note that galaxies with the highest specific infrared luminosities (L(IR)/stellar mass) at z ∼ 1 are more likely to be in close kinematic pairs or morphologically-disturbed (Lin et al. 2007) , and that LIRGs appear to have higher asymmetries than typical spiral galaxies (Shi et al. 2006; Bridge et al. 2007 ). Finally, it is possible that merging galaxies are mostly easily identified morphologically during the final merger while the peak in the star-formation rate/IR luminosity occurs during the first encounter before the interacting galaxies become morphologically disturbed (Lotz et al., in prep) .
We find that the morphological makeup of the red sequence changes with redshift, with red Sb-Ir contributing roughly a third of the red sequence at z ∼ 1.1, while E/S0/Sa makeup > 90% of red galaxies at z ∼ 0.3. Our red galaxy morphology fractions agree with the visual studies of z ∼ 0.7 red galaxy morphology by Bell et al. (2005) and z ≤ 1 galaxies by Weiner et al. (2005) (but see McIntosh et al. 2005) . We also find the declining contribution of spheroidals to the high-redshift red galaxy population suggested by visual morphological studies of extremely red objects at z ∼ 1.2 (Moustakas et al. 2004) and z ∼ 2 (Daddi et al. 2004) . Scarlata et al. (2007b) find similar evolution in the fraction of red galaxies with quantitatively early-type morphologies, but have systematically lower fractions of early-types on the red sequence (45% at z = 0.7 and 60% at z = 0.3). Given that the number density of red galaxies has increased by a factor of 2-4 from z ∼ 1.1 to z ∼ 0.3 (Faber et al. 2007 , Brown et al. 2006 , Bell et al. 2004a , the evolution of the morphological composition of the red sequence is consistent with a roughly constant number density of red Sb-Ir and an increasing number density of red E/S0/Sa. Much of the evolution in the E/S0/Sa population may occur in fainter and less massive systems (e.g. Bundy et al. 2005; Treu et al. 2005) . We find that bright red spheroidals are in place at z ∼ 1.1, while red disks populate the faint end of the red sequence at z ∼ 1.1 (Figure 13 ). By z ∼ 0.3, almost all of the faint red galaxies are spheroidals.
Are these new red E/S0/Sa formed in mergers? Although the merger rate does not increase strongly with redshift at z < 1.2, the observed merger fraction implies that 45-90% of galaxies brighter than 0.4L * B at z ∼ 0.3 have undergone a major merger since z ∼ 1.1. The fraction of galaxies with E/S0/Sa morphologies has roughly doubled over this redshift range. Assuming that the total number density of bright galaxies has not changed significantly since z ∼ 1.2 (Faber et al. 2007) , this implies that the number density of E/S0/Sa has also doubled. If every major merger transformed two disk-dominated galaxies into a spheroidal, we would expect the increase in E/S0/Sa to follow the integrated merger rate. The observed increase in the fraction of E/S0/Sa is a factor of 2-4 less than the expected increase in the merger remnant population, although marginally consistent within the uncertainties.
Some mergers may not follow the standard Toomre (1977) picture of two gas-rich disks transforming into a gas-poor elliptical. Our results suggest that at least half of the time the merging process does not dramatically transform the galaxies' morphologies. This conclusion is supported by recent work which finds that the end product of some gas-rich mergers can be diskdominated (Springel & Hernquist 2005; Hammer et al. 2005; Robertson et al. 2006 ) while spheroidal-spheroidal mergers will produce spheroidals (Bell et al. 2006a) . Fourteen percent of the observed mergers lie on the red sequence. While some of these may be dusty or poststarburst merger remnants, some are clearly spheroidalspheroidal or disk-spheroidal mergers (Figure 17) . In Figure 18 , we plot the fraction of galaxies classified as mergers on the red sequence. Our results give a low red merger fraction (< 2%) and agree well with the dissipation-less merger fraction of Bell et al. (2006a) . Another possibility is that many of our merger candidates are minor merger events which do not result in dramatic morphological transformations.
It is tempting to directly associate the declining fraction of bright late-type spirals with the build-up of new E/S0/Sa via mergers. While the faded remnants of the merger of bright blue disks cannot produce the brightest red spheroidals, they may produce faint red spheroidals. The recent production of low mass spheroidals is consistent with evolution of the spheroidal stellar-mass function (Bundy et al. 2005 ) and the indication that M < 10 11 M ⊙ ellipticals may have formed up to 40% of their stars at z < 1.2 (Treu et al. 2005) . Bright blue galaxies are in over-dense environments at z ∼ 1 (Cooper et al. 2006) , and hence may be more likely to merge and form present-day spheroidals. However, given that many of the brightest blue galaxies appear to be relatively undisturbed LIRGs, the transition from bright blue disk to faint red spheroidal could happen via less violent processes such as gas consumption, AGN quenching, gasstripping or minor mergers (e.g. Noeske et al. 2007 , Bell et al. 2005 , Bundy et al. 2007 . A better understanding of the triggering mechanisms for LIRGs, the evolution in the number density of faint spheroidals and mergers, and the role of mergers in transforming galaxy morphology are needed to resolve this question.
SUMMARY
We have measured the quantitative morphologies G and M 20 of ∼ 10, 000 relatively high surface brightness galaxies from HST ACS imaging in V F 606W and I F 814W in ∼ 710 arcmin 2 of the Extended Groth Strip. Galaxies are classified as E/S0/Sa, Sb-Ir, and major mergers based on their rest-frame B-band morphologies and local galaxy calibration of G and M 20 . We examine the evolution of the morphological fractions with redshift for a volume-limited sample of 3009 galaxies with L B > 0.4L * B that assumes that galaxies fade by 1.3 M B per unit redshift. We also examine the morphologies of 515 0.2 < z < 1.2 Spitzer MIPS 24 µm-selected L(IR) > 10 11 L ⊙ galaxies in the EGS. (1) We find that the fraction of merger candidates is ∼ 10±2% and does not evolve strongly from z ∼ 1.2 to z ∼ 0.2. The fraction of E/S0/Sa has increased by a factor of ∼ 2 from 21±3% at z ∼ 1.1 to 44±9% at z ∼ 0.3. The fraction of Sb-Ir has declined from 64±6% to 47±9% over the same redshift range.
(2) The majority of LIRGs, which dominate the volume-averaged star-formation density at z ∼ 1, are classified as Sb-Ir galaxies. Only 15% of these galaxies are classified as on-going mergers, suggesting that merger-driven star formation is not responsible for the bulk of star formation at z ∼ 1.
(3) The G-M 20 morphological classifications correlate strongly with rest-frame U − B color. Over 75% of E/S0/Sa are red, while 86% of Sb-Ir and 80% of merger candidates are blue. Merger candidates are more likely to be blue than the overall sample, with 14% of mergers lying on the red sequence.
(4) The morphological makeup of the red sequence has changed since z ∼ 1.1 where disk galaxies are a third of red galaxies, while ∼ 90% of z ∼ 0.3 red galaxies are spheroidals. Adopting the number density evolution in red galaxies found by Faber et al. (2007) , this implies that the build up of the red sequence can be explained by the formation of faint red E/S0/Sa at late times.
(5) The implied merger rate at 0.2 < z < 1.2 is 2 − 4 × 10 −4 Gyr −1 Mpc −3 , with 45-90% of L > 0.4L * B galaxies undergoing a merger between z ∼ 1.1 and z ∼ 0.3. While this rate is more than sufficient to produce the observed increase in the E/S0/Sa population, some mergers may not change galaxies morphological classifications. Fourteen percent of our merger candidates are red, and some of these appear to be dissipationless mergers. The disappearance of bright blue Sb-Ir galaxies is consistent with the transformation of late-type disks into red spheroidals via major mergers. However, many of the brightest blue galaxies are relatively undisturbed LIRGs. More work on the triggering and/or quenching mechanism for LIRGs and the transformation of galaxy morphology via mergers is needed to constrain the formation mechanism for E/S0/Sa at z < 1.2. 
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Note. -The morphology fractions are given for E/S0/Sa (E-Sa), Sb/Sc/Ir (Sb-Ir), merger candidates (M), and objects too compact to classify (C). a The fractions are corrected by the values given in Table 1 . The first set of errors are the 67% confidence intervals from Poisson statistics. Where N < 50, the small number Poisson statistics are from Gehrels (1986) . The second set of errors are the difference between the observed fraction and the fraction derived from 10,000 bootstrapped realizations of morphological distributions.
b The fraction derived for the spectroscopic redshift sub-sample and not corrected for incompleteness. c The errors are the 67% confidence intervals from Poisson statistics. Where N < 50, the small number Poisson statistics are from Gehrels (1986) . 
